ABSTRACT: Considering about the poor quality of fog image and the high time complexity of former method, this article proposes a fast algorithm for fog image based on YCrCb color space. First, we established a corresponding YCrCb space defogging model by atmospheric physical model; then adapting mean filtering algorithm processed the channel component, finally synthetize the YCrCb channel processed to generate the defogged picture. By comparing the images with different resolution and fog concentration, it is evidenced that the algorithm recovered the color message effectively and thus achieved defogging effect better; especially the algorithm efficiency improved hugely, this makes it possible to process the video image under foggy weather timely, furthermore, it could also be put into engineering use.
INTRODUCTION
1 According to the relevant studies domestic and abroad, the defogging algorithm of the single image is mainly based on the following two aspects: one is to process by image enhancement [1] , the other one is to recover by physical model. When it comes to image enhancement, the contrast ratio and color of the image will be enhanced by means of space and frequency, so as to reduce the affection from the fog as well as to get the clearer image. For example, the histogram equalization [2] and its updated versions [3, 4, 5] could improve the detail contrast ratio of the image, however, the above-mentioned method only applies to images with even illumination. The homomorphic filtering method [6] could solve the uneven illumination; however, there will be difficulty in enhancing the color information effectively when processing the whitened foggy image. The wavelet transform [7] could improve the contrast ratio and clarity of the foggy image, nevertheless, there is no stationary method to select the parameter for the number of layers as well as pre-process of the wavelet decomposition.
The processing method based on physical model, which could achieve natural effect without information loss. However, there are also some defects for this method as well. For instance, the dark channel [8] dehzaing algorithm has achieved excellent results, the efficiency of the algorithm is severely affected due to the adaptation of soft matting algorithm during the defogging process. Mr. Yu Jing [9] and his mates have refined the transmissivity by means of bilateral filtering based on the dark channel principle, and this effectively recovered the contrast ratio and color of the scene, having said that, it doesn't work that well for the white object or severely foggy images. The thesis [10] has analyzed the foggy image degradation physical model by means of mean filtering, so as to estimate the transmittance and the global atmospheric light. Although the execution speed was greatly improved, the estimation of transmissivity was not accurate enough.
This passage has proposed a foggy weather image fast algorithm based on YCrCb color space. To start with, establishing the YCrCb space defogging model, and then the respective channel component will be defogged by mean filtering algorithm. By doing this, the contrast ratio of the image is improved and the instantaneity of our algorithm gets very highly improvement.
RELEVANT THEORY

RGB and YCrCb color space
The RGB and YCrCb are interchangeable; refer to the following formulas for details:
Atmospheric physical model
Currently, the universal atmospheric physical model [11] is as follows(as is shown in figure 1) : Figure 1 . Atmospheric physics model.
Among which the letter I represents foggy image, J represents the intensity of reflected light from object (namely fog-free image to be recovered), A means global illumination intensity. t means transmissivity, which is used to describe the part that haven't been scattered when the light went through medium and transmitted into the imaging devices.
FAST DEFOGGING ALGORITHM BASED ON
YCrCb SPACE
Establishment of YCrCb space defogging model
The RGB color space is formed by R, G and B channels, which have the same nature, the following could be presented when combined with atmospheric models:
Among which R 1 , G 1 , B 1 represent the channel values of foggy image, while R 2 , G 2 , B 2 represent the channel values of image after defogging process.
To sum up, combing the equations (1) and (3), it is easy to get the mathematical expression of defogging model based on YCrCb space.
This is the defogging model based on YCrCb space, it's easy to see that as long as the transmissivity t(x) and atmospheric light intensity A are available, the fog-free image will be recovered.
How to obtain transmissivity
According to atmospheric model we have:
Then apply the mean filtering to channel Y, set it as M ave (x), we have:
In which the S d represents the window size of mean filtering, combining formula (8) and (9), the following transmissivity formula will be available after mean filtering.
In fact, the true transmissivity should be as follows based on formula (2):
, so the true transmissivity t actual (x) is bigger than the transmissivity obtained by mean filtering t ave (x), in order to minus the value difference between them, an offset value should be applied to t ave (x), namely.
set ω = 1 -φ, then we have :
Now let's analyze the value of ω. If the value is small, then the transmissivity result is going to be big, and this leads to the result that the recovered image will be whiter because the residue fog in the image couldn't be well processed. On the other hand, if the value is big, then the transmissivity is going to be small, which will lead to a comparatively dark image. In order to avoid the abovementioned problems, we should set the ω value as follows:
Among which the δ is adjustable parameter and 0 ≤ δ≤1/M ave (x), due to the fact that the value of M ave (x) is related to the distribution of the integral gray scale on the original image, therefore the ω could adjust the integral luminance of the defogged images. The darker the original image, the lower the M ave (x) value, and the greater the transmissivity, and this will maintain the luminance of the defogged image at a proper level, vice versa. However, we need to set a maximum limit for ω value, let's say, 0.95, and then we will have:
Together with formula (10) and (12), we will have the optimized transmissivity as follows:
Thus we could get the transmissivity of the foggy image. To certain extent, the transmissivity will be able to reflect the luminance of the penetrating light in an accurate way, as well as to adjust the brightness of the image automatically with robustness, and it will be adapted to the sky zone.
How to obtain the atmospheric light value
The grey scale of the brightest point in the foggy image is selected as the general atmospheric light A by the thesis [12] , the steps are simple, but not necessarily reasonable. Mr. He Kaiming [8] selected 0.1% luminance of the brightest point in his dark channels, then the grey scale of the brightest point in the foggy image is selected as the general atmospheric light A, which is more reasonable and effective as well, though it's time-consuming to get the dark channel. We will take the following steps to (1-t(x) ) B 1 
= t(x)B 2 +A(1-t(x)) R 2 = (R 1 -A(1-t(x))) / t(x) G 2 = (G 1 -A(1-t(x))) / t(x) B 2 = (B 1 -A(1-t(x))) / t(x)
estimate the atmospheric light intensity A.
By applying mean filtering to Y channel image and we get M ave (x). Then we use the Maximum value of M ave (x) as atmospheric light intensity A. namely.
A = max(M ave (x))
(18) The atmospheric light intensity A obtained by the abovementioned formula is more accurate than obtain by thesis No.10 and faster than by thesis No.5. After we get transmissivity t ave (x) and atmospheric light intensity A, the channels of YCrCb will be available by making use of formula (4) . The defogged image will be obtained by combination of the abovementioned process.
THE SIMULATION EXPERIMENT AND RESULT ANALYSIS
In order to verify the effectiveness of the improved algorithm in this paper, we use Matlab R2013a in basic frequency 2.4 GHz and 2G memory card to experiment on a desktop computer. Our algorithm, literature [2] and literature [8] have carried on the comparison and analysis. In order to improve the applicability of the algorithm, the simulation experiment is divided into two groups. The experimental results are as follows: Firstly, comparing the defog effect, in the NO.1 experiment, the three algorithms have achieved good results in the aspect of wholeness. It has a better effect to do with the image of mist fog than dense fog. From the graph, it obviously shows that after dealing the dense fog, the residual fog is far more than light fog. In detail dealing aspect, no matter what kind of fog density, the algorithms of literature [8] are much more exquisite and smoother than the literature [2] and our algorithm. And the transitions between the scene are also more natural.
In the NO.2 experiment, all the three algorithms have better effect. After carefully comparative analysis, we can clearly see that the brightness of the images has increased and the contrast has improved. In the first group, the trees contour and the characters in the vision of images have displayed. In the third group, the building outline at the far image depth of field is clearly visible. The scene color is more bright-colored and the image characteristics is also strengthened. Secondly, we compare the complexity of the algorithm time. From table 1, we can find that the time complexity of the algorithm is very nearly in the same algorithm. However, the gaps in different algorithm are more obvious. The time complexity of algorithm of literature [8] is the highest, followed by the algorithm of literature [2] . And in this paper, the time complexity of algorithm is the lowest. Through the comparison and the analysis of time scale, it can concluded that the algorithm in this paper is only about 1/500 of the literature [8] and about 1/20 of the literature [2] . In addition, we can know that the time complexity roughly presents a line trend in the same algorithm from table 2. The operation efficiency between different algorithms is basically the same as the analysis of table I.
CONCLUSION
This paper proposes an improved fast defog algorithm of the video images. Under the color space of YCrCb, using the simple mathematical derivation and average filtering algorithm of atmospheric physics model to deal with each channel component respectively, and then get the defog image after synthesis. In this paper, we can know that under the condition of the same defog effect, the algorithm complexity is obviously lower, meanwhile it has not only strong robustness, high automatic degree and wide application, but also has the ability of dealing real-timely with the fog video images.
